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Abstract
Climate change is becoming a pressing issue for industries worldwide. Pollution, toxic products and greenhouse gas 
(GHG) emissions are the main issues related to the leather industry as perceived by the public. Life cycle assessment 
(LCA) method is a practical tool used to evaluate the life cycle environmental impacts of a product. The focus of this 
study is the GHG emissions of finished bovine leather in a cradle to gate scenario. The global warming contributors 
in the life cycle of finished bovine leather are quantified and expressed as a carbon footprint. The inputs of raw 
materials including the raw hides are measured by mass, yet the outputs of the finished bovine leather are measured 
by surface area. Due to this specific nature of leather, the study focuses on the correlation of life cycle GHG 
emissions with the thickness of finished bovine leather. The final results conclude that the thickness of finished 
bovine leather has significant impacts to the carbon footprints. This study raises awareness of the tanneries and 
downstream footwear manufacturers to take thickness into account as an important factor for future life cycle 
environmental impact studies. In addition, this study also lays the groundwork for further product carbon footprint 
studies for not only tannery houses but also supply chains of the leather industry in Taiwan or Asia.
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1. Introduction 
Footwear sector has once been an important part of the export industry in Taiwan. For the past several 
decades, among the footwear supply chain, leather industry has been one of the important traditional 
industries. Taiwan exports nine hundred million US dollars worth of finished leather annually. It is also an 
important economical index in Asian leather processing sectors. Stakeholders also have concerns over the 
possible life cycle environmental impacts of leather manufacturing in Taiwan. 
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This study focuses on the life cycle carbon footprint of the finished bovine leather, specifically used in 
athletic shoes, manufactured in Taiwan.Different types of leathers came from many types of animal 
origins, but mainly cattle, goat, sheep and pig. This study only considers leather from cattle sources. 
K. Joseph et al. (2009)[1] reviewed the life cycle material flows of leather which indicated the carbon 
footprint of finished leather to be about 15,190 kgCO2 equivalent per 100 m2 of leather for shoe uppers. 
B. Rivela et al. (2004) [2] used the life cycle assessment as a tool for the environmental improvement of 
the tannery industry in developing countries stated about 2.2 kgCO2 equivalent of carbon footprint per kg 
of leather. Since the focus of the study is the correlation between the thickness of finished leather and the 
life cycle carbon footprint, in order to limit variables, only aniline leather of same color in different 
thicknesses are the assessing subjects. 
2. Scope and boundaries
The system boundaries for the analysis is demarcated in the cradle to gate scenario of finished 
bovine leather depicted in Fig. 1.
Fig. 1. Process map of the finished bovine leather
3. Methods
The purpose of the study is to analyze the carbon footprints of the finished bovine leather in different 
thicknesses tanned in Taiwan. The scope of the study is of ‘cradle to gate’ and the declared unit is 1 m2 of 
finished “Aniline leather”. The aniline leather are divided into four categories, 1.5 ± 0.1 mm, 1.7 ± 0.1 
mm, 1.9 ± 0.1 mm, and all thicknesses.
The study follows the ISO 14044 (2006) [3] LCA methodology and Publicly available specification 
PAS 2050 (2011) carbon footprint specification[4] and utilizes SimaPro7.3 software (PRé Consultants 
2009) LCA database[5]. 
PAS 2050 provides a life cycle GHG emissions assessing method for goods and services (BSI PAS 
2050:2011). It is freely assessable by organizations large and small in all types of industries to quantify 
the climate change impact of the products offered. 
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For the purpose of this study, the PCR “Finished bovine leather” version 1.0 (2011) [6] is applied. 
According to Product Category Rules: Finished Bovine Leather version 1.0 2011, finished bovine leather 
is intended as a finished product of the tanning sector and ready to become an input as a semi finished 
good for further transformation in various manufacturing sectors and the leather can be used as a semi 
finished good for different kinds of final products for example furniture, clothing, automotive, footwear 
etc (Aequilibria 2011). Since the declared product of this study is aniline leather for the application of 
athletic shoes, this PCR is chosen for the specific data collection rules and as a calculation guideline.
4. Results
The carbon footprint in the cradle to gate scenario is expressed in kgCO2 equivalents per square meter 
of finished aniline leather. The results are 64.8 kgCO2e/m2 of 1.5 ± 0.1 mm, 74.5 kgCO2e/m2 of 1.7 ± 
0.1 mm, 79.6 kgCO2e/m2 of 1.9 ± 0.1 mm and 73 kgCO2e/m2 of all thicknesses. With regard to the 
GHG emission of all thicknesses, the deviation percentage for 1.5 ± 0.1 mm. 1.7 ± 0.1 mm, and 1.9 ± 0.1 
mm are 11.22%, 2.03% and 9.07% respectively. From the review of K. Joseph et al. (2009), the carbon 
footprint per 100 m2 of leather for all thicknesses was about 15,190 kgCO2 equivalent which could be 
converted to 151.9 kgCO2e/m2. This converted value is more than double of the carbon footprint 
calculated for all thicknesses in this study. This result further emphasizes the importance of performing 
GHG emissions assessments according to thickness rather than all thicknesses. 
The breakdown of the total GHG emissions is shown in Table 1. Between the three life cycle stage 
GHG emissions in all four assessments, the raw material extraction stage contributes the most to the life 
cycle carbon footprint and accounts for more than three quarters of the total GHG emissions. 
Manufacturing emission ranks second place and takes up more than 20% of the total GHG emissions.
Table 1. Summary of CFP of the aniline leather
Aniline All thicknesses 1.5±0.1mm 1.7±0.1mm 1.9±0.1mm
Raw Material 
Extraction(kgCO2e/m2) 5.68E+01 4.88E+01 5.83E+01 6.33E+01
Maufacturing(kgCO2e/m2) 1.62E+01 1.60E+01 1.61E+01 1.64E+01
Distribution(kgCO2e/m2) 1.03E-02 4.87E-03 1.29E-02 1.32E-02
Total (kgCO2e/m2) 7.30E+01 6.48E+01 7.45E+01 7.96E+01
During the life cycle carbon footprint assessment of leather, the raw material extraction stage 
contributes the most GHG emissions. The raw material stage consists of the extraction, manufacture, and 
transportation of raw materials. In the study, the raw material included in the product carbon footprint 
calculation is mainly the wet blue leather. With respect to the assessments, the extraction of raw hides, the 
processes of salting raw hides to wet-blue leathers and the transportation involved are the major 
contributions of the product carbon footprint.
The energy and resources associated with raw hides amounted to 73 kgCO2e/m2 for all thicknesses, 
68.4 kgCO2e/m2 for 1.5 ± 0.1 mm, 74.5 kgCO2e/m2 for 1.7 ± 0.1 mm, and 79.6 kgCO2e/m2 for 1.9 ± 
0.1 mm. The transportation GHG emission of raw materials rank second place in the raw material 
extraction stage, with the results of 1.12 kgCO2e/m2 for all thicknesses, 1.11 kgCO2e/m2 for 1.5 ± 0.1 
mm, 1.12 kgCO2e/m2 for 1.7 ± 0.1 mm and 1.14 kgCO2e/m2 for 1.9 ± 0.1 mm of finished leather(as 
show in Table 1).In the manufacturing stage, all aniline leather is produced in the same production line 
regardless of the thicknesses. As seen in Table 1, the GHG emissions of the four assessments in the 
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manufacturing stage are relatively close. The results show very small correlation between the 
manufacturing GHG emissions and thickness differences. 
5. Discussion and Conclusions
Many previous leather carbon footprint studies didn’t consider the thickness of the finished bovine 
leather as an influencing factor in the life cycle GHG emission assessments. One of the reasons being the 
declared units of previous studies are mostly expressed in kgCO2 equivalent per kg finished leather due 
to the material flow of inputs and outputs of the life cycle are measured in weight, not surface. Whereas 
finished leather is not sold by weight, rather by the surface area. Depending on the breed of raw hides the 
finished leather are originated and the type of finishing treatments, the weight of 1 m2 of finished leather 
varies greatly. In order to assist the industry in assigning the GHG emissions as a coefficient to the 
finished leather, the declared unit in this study is then determined to be expressed in kgCO2 equivalent 
per m2 of finished bovine leather. Furthermore, to evaluate whether the thickness of finished leather is a 
true influencing factor in the GHG emissions assessments, the study carries out four separate GHG 
emission assessments, all thicknesses, 1.5 ± 0.1 mm, 1.7 ± 0.1 mm, and 1.9 ± 0.1 mm of finished bovine 
leather. As seen from the results, the thickness of finished leather is a true influencing factor in GHG 
emissions assessments especially in the raw material extraction stage. 
In this study, the allocation rules for the energy and resources associated with raw hide follows 
Product Category Rules: Finished Bovine Leather version 1.0 2011 which includes: raw material 
extraction for agriculture and cattle raising, agriculture, cattle raising and slaughterhouse (Aequilibria 
2011). The same allocation rule is applied in the energy and resources embedded in the raw hide to wet-
blue processes.
The information disclosed in this paper highlighted the key GHG emission source in the life cycle of 
the finished bovine leather. With the realization of almost three quarters of the life cycle GHG emissions 
of the finished bovine leather came form the cattle raising and raw hides treating related stages, the use of 
secondary data had an impact on both the data quality and the actual GHG emissions of the declared 
products. It is important for the cattle raising sectors in major husbandry countries world wide to address 
these environmental impacts especially with regards to the GHG emissions. Furthermore, these results lay 
the groundwork for future CFP studies of not only tannery houses but also supply chains in the leather 
industry in Asia to raise awareness of considering and developing prospects in reducing GHG emissions.
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